illum inated surface. H aving experim ented w ith the extinction of light at o th er p a rts of th e retin a, he finds th a t it obeys the same law. Since a large and a sm all area having th e same actual illum i nation appear to be of different brightness, an investigation was m ade of the relative lum inosities of the two, and it was found th a t the two were connected by a very simple law.
I t is a well-recognised fact th a t th e action of the h eart is accom panied by th e emission of certain sounds, which are described as th e first and second sounds of the heart. These sounds, which were observed soon after Laennee had discovered the use of the stethoscope, have been compared to the sounds produced by the utterance of the words lubb-diip. They have been studied w ith interest by th e physicist, the biologist, the pathologist, and the clinical physician, by the la tte r especially, inasmuch as the changes produced by disease in the character of these sounds become of m aterial assistance in the 2 A 2 diagnosis and tre a tm e n t of diseases of th e heart. A n explanation of th e m echanism by w hich phenom ena so distinct, so constant, and so rem arkable are produced, has been sought for by m any observers am ongst th e classes ju s t m entioned. T he second sound is the re su lt of th e sudden tension of the sem i lu n ar valves, caused by the resistance which these valves offer to the retrograde flow of th e blood from th e ao rta and pulm onary artery respectively into th e ventricles on th e cessation of systole. The sound is sim ilar to th a t produced w hen a piece of tape or ribbon is suddenly m ade tense. I t is needless to say m ore here on the subject of the second sound and its causes, for the explanation ju st offered is, I believe, alm ost u n iv ersally accepted.
The cause of th e first sound is, on th e contrary, still a subject m uch discussed and undecided. M any explanations have been offered a t various tim es of this phenomenon. Professor M ichael Foster, to whose adm irable exposition of the m echanism of th e circulation I am deeply indebted for guidance in w orking out the subject of this com m unication, observes th a t " th is sound presents m any difficulties in th e w ay of a complete explanation."* The difficulties resu lt from the num ber of events w hich occur sim ultaneously w ith the systole of th e ventricle and the occurrence of the sound. I t seemed to me to be desirable, am idst such differences of opinion, to solve if possible a problem w hich has its special in terest and its special im portance. Two of the m ost strik in g events which take place d uring systole, namely, th e closure of th e auriculo-ventricular valves and the m us cular contraction of the ventricular walls, are regarded by m any authorities as th e sources from whence the first sound proceeds. The resu lt of m y investigations, on the one hand, leads me to the conclu sion th a t n eith er of these explanations is satisfacto ry ; and, on the other hand, enables me to indicate w hat I believe to be the real explanation of the phenomenon, f
A. The action of the a u r i c u l o -v e n t r i c u l a r v a l v e s is not the source of the first sound of the heart.
The mechanism of these valves (the m itral and tricuspid) and th eir action do not possess the elements necessary for the production of such a sound. The action of the valves commences when the blood, pressed from behind by the contraction of the auricles, flows into th e ventricles. I t is there reflected from the walls of these cavities, and presses on the lamella? of the valves, which are th u s o f the Heart is . 333 brought face to face in to close apposition, and are so far closed by th e m ere pressure of the blood from behind. As soon as th e ventricles are filled w ith blood th e systole commences. The apex of th e h eart approaches th e base. A t the same tim e the m usculi papillares contract, and by m eans of th e chordae tendineae, attached to the m arg in of th e valves, prevent th e laminae of th e valves and the blood from being pressed backw ards into the auricles. In this action-the sim ple apposition of the laminae of the valves, and th e closure of th e orifices by m eans of the m usculi papillares and chordae tendineae-there is no such tensive force exercised as would be sufficient to produce th e loud and characteristic first sound of the heart. F u rth e r evidence on this point may be found in an o th er direction -nam ely, in th e fact th a t the first sound can be heard independently of the existence and action of m itral and tricu sp id valves. Aware of the fact th a t in some of the lower anim als, more especially in the reptile class, th e auriculo-ventricular valves exist in but a very rudim entary form, I obtained perm ission to exam ine some of these creatures in the Zoological Gardens, and spent m any hours on m any occasions in the investigation, assisted by m y valued friend D r. Jo h n Sibbald, who was a t th a t tim e m y clinical assistant a t the Brom pton H ospital, and who is now Senior Com missioner in Lunacy in Scotland. H aving examined m any anim als, we finally decided th a t the python ( Python s o l u r u s ) afforded the best illustrat occurrence of th e first and second sounds of the h eart. In th e h eart of th a t animal, of which 1 present two draw ings, copied by perm ission from a preparation in the H u n terian M useum, it will be seen th a t the structures which represent the auriculo-ventrieular valves are formed by a continuation of th e septum of the a u ric le s; they are merely m uscular flaps, destitute alike of m usculi papillares and chordae tendineae, and are w ithout means of producing valvular tension. I may here add th a t in an anim al of a totally different class, namely, the kangaroo, the sounds were distinctly recognised, though the valves, as seen in the second draw ing (copied also by permission from a specimen in the H u n terian Museum), are very rudim entary in character.
Objections will no doubt suggest them selves to the view above expressed. F o r example, the clinical physician will say, " I am in the daily habit of hearing a distinct m urm ur accompanying the systole in cases of diseased heart, and apparently replacing the first sound. On examining the heart afte r death I find the auriculoventrieular valves diseased, a condition with which I therefore connect the m urm ur." I t will at once be seen th a t we have here to deal w ith morbid sounds totally different in character, and totally different in th e seat and mode of production, from the first sound of the heart. To m ake th e explanation m ore simple, I will confine my observations to two p rin cipal form s of m itral disease associated w ith systolic murmur,-nam ely, first, im perfection in stru ctu re w ith distin ct reg urgitation, and, secondly, induration, roughness, and irreg u larities on th e m itral valve.
(a) In m itral re g u rg ita tio n consequent on disease affecting the m argins of th e valves, th e auriculo-ventricular orifice rem ains im perfectly closed; and w hen systole of th e ventricle takes place, a portion of th e blood is driven backw ards tow ards the auricle, th e rem aining p o rtion being sent forw ards in its norm al course tow ards th e orifice of the ao rta. T he m u rm u r w hich is produced by the re tro grad e flow of blood, p erm itted by th e diseased valve, is heard a t th e apex of the h e a r t; b u t a t th e same tim e the h ealth y first sound m ay alm ost alw ays be recognised a t th e base of the h eart, over the aortic valves.
( b) In a second form of disease of the m itral valve, there may be roughness, in d uration, or o th er irreg u larities from the presence of deposits on th e ex tern al surface of th e laminae which m eet th e cur re n t of blood going tow ards th e ao rta and flowing parallel w ith th e surface of th e valves. A m u rm u r is th ere produced audible a t th e apex, b u t also accom panying the cu rren t of blood tow ards th e base, w here it can be heard, often m asking by its loudness the first sound. I t is quite rem arkable how slig h t the roughness or irreg u larity m ay be on the laminae of th e valves w hich produces a loud and definite m urm ur. These m urm urs, strik in g and characteristic as th ey are, are m erely accidental com plications w hich occur a t the m om ent of the systole of th e h e a r t ; b u t they are unconnected w ith, and have no relation except in point of tim e to, the healthy first sound, w hich may be heard ap a rt from, and independently of, them.
The w eight of evidence, then, is clearly against the possibility of the stru ctu re or th e functions of the auriculo-ventricular valves being the source from whence proceeds the first sound of the heart.
Two o th er phenom ena occur synchronously w ith the systole of th e heart, and consequently w ith th e occurrence of th e first sound. They are-(a) the contraction of the muscular walls of the ventricles, and (6) the propulsion and movement of the blood from the ventricles into th e arteries. I shall first consider the supposed share which m uscular contraction has in th e formation of the sound.
B. The muscular contraction of the walls of the heart during systole is not the source of the first sound of the heart.
The sound produced by muscle during its contraction was first described by D r. W ollaston.* He com pared it to " a sound which resembles m ost nearly th a t of carriages at a very g re at distance passing rapidly over a rough pavem ent." * I t is very difficult to conceive the slight, soft, rolling sound produced by m uscle in action being convertible into the loud, boom ing first sound of th e heart. Y et the theory is accepted. If m uscle d uring contraction could pro duce so m arked a sound, we should expect to find th a t the powerful muscles of the neck attached to th e base of the skull and those attached to the jaw (being th ro u g h th e bones of th e skull in direct relation w ith th e hearing ap p aratu s) would give us some strik in g evidence of th e production of m uscular sounds when they are throw n into strong" action. I t is reasonable, too, to believe th a t such m uscu lar sounds m ust occur and be heard, if they exist, d uring th e move m ents of the athlete or the boxer as well as d u rin g th e perform ances of the danseuse. B ut th ere is nothing of the kind. I have failed to h ear such sounds when listening to th e powerful contraction of the biceps, or on listening to th e contraction of the shoulder muscles of a strong cart-horse struggling w ith a heavy load in ascending a hill. 1 could hear no o th er sound save the soft, rolling sound described by Dr. W ollaston. Still m any observers have argued th a t th e contrac tion of the walls of the heart differs from the action of the skeletal muscles, and th a t it is this peculiar form of contraction which causes th e first sound. They have adduced so m any observations in favour of this doctrine th a t it w ill be necessary to examine them . B ut before doing so, for the sake of m aking m y argum ent m ore clear, I desire to point out th a t th ere is another event which occurs sim ul taneously w ith the systole of th e ventricle. This is the propulsion of the blood from 'the ventricles and its im pact against th e column of blood resting on the sem i-lunar valves.
W ith a view to showing how large a share th e sound of m uscular contraction has in producing the first sound, observers have cut off altogether the supply of blood from the cavities, and on listening during the contraction of the h eart have heard a systolic sound. Such were th e old experim ents of Ludw ig and Dogiel, represented as confirmed by K re h lf and by Kasem-Beck.J The conclusions which have been draw n from these experim ents are disproved by those conducted by my friend Professor Halford, and described in his essay on " The Action and Sounds of the H eart," published by C hurchill (1860). H e w rites: " Large dogs * I t is interesting to note that Dr. \Vollaston, in examining the sound produced by the muscles of his leg, made use of a wooden rod to convey the sound to his ear. He may be thus said, in a measure, to have anticipated the principle of mediate auscultation discovered by Laennec in 1816. The muscular sound which we now recognise is that accurately described by Wollaston. Sir ft. Quain. On the Mecha were obtained, and, as in m y preceding experim ents, the h ea rt was exposed, and th e circulation k e p t up by artificial respiration. A stethoscope being applied to the organ, sounds were distinctly heard. The superior an d in ferior venae cavae were now com pressed w ith a bull-dog forceps, and th e pulm onary veins by th e finger and th u m b ; th e h e a rt co n tinuing its action, a stethoscope was again applied, and' n e ith e r first nor second sound was heard. A fter a short space of tim e, the veins were allowed to pour th e ir contents into both sides of the heart, and both sounds were in stan tly reproduced. On the veins being again pressed, all sound was extinguished, notw ithstanding th a t th e h ea rt contracted vigorously. Blood was again let in, and both sounds restored. I have th u s frequently interrogated th e sam e h ea rt for upw ards of an hour, and always w ith the like r e s u lt" (p. 25). These ex perim ents of Professor H alford m ust be accepted as suffi cient to refu te th e view of the G erm an observers ju st quoted. A n o th er source of fallacy in m aking experim ents of th is kind is th a t a very slight stroke of th e m uscle or ventricle against th e end of the stethoscope is sufficient to produce a very loud and distinct sound, resem bling th e first sound. If the palm of th e hand, for instance, be pressed gently over th e ear, and th e back of th e hand be touched by a finger of th e opposite hand, it w ill be felt how slight a stroke is sufficient to produce a very d istin ct sound. Observers (L udw ig and Dogiel) have recognised the difficulty of isolating muscle from the in stru m en t conveying the sound, and they have placed the em pty heart, still contracting, in a ja r containing defibrinised blood or warm water, from th e side of which a neck is projected, covered by a thin layer of india-rubber. A t each contraction of the heart a distinct sound, resem bling the first sound of the heart, was heard.
B ut the flapping of the h e a rt against th e w ater was quite sufficient to produce th e sound which was conveyed to the ear ; and I cannot see in such an experim ent sufficient evidence of the sound of m uscular contraction being th e cause of the first sound of the heart. E xperim ents of another kind have been em ployed to show th a t th e contraction of the m uscle is a source of th e sound. H urthle* and E in th o v en f show graphically th a t the first sound begins writh th e very beginning of th e systole, before the ventricle has got power " to open th e valves." This observation is entirely consistent w ith th e view I am about to propose. The m om ent the ventricle begins to contract, th e im pact of the blood against the sem i-lunar valves com mences, producing the commencem ent of the sound, not when the valves are throw n open. The valves being connected with the fibroid ring surrounding th e base of the h eart, w ith w hich also the m uscular w alls are continuous, th e sounds are conducted to the apex.
Pathology confirms this view. I t was observed by Dr. Stokes th a t in th e course of ty p h u s fever the first sound of the h ea rt gradually disappears. A fter death it is found th a t the walls of the h ea rt are softened ; and this m orbid state has been accepted as a proof th a t m uscular contraction is th e cause of th e first sound. The real explanation is th a t th e im pulse of th e h e a rt is so feeble th a t it is unable to produce the sound a t th e valves. The correctness of this view is confirmed by the fact, recorded by Dr. Sbokes, th a t the last point at which the sound disappears is over these valves, and th a t it. is at the same point th a t the retu rn in g sound is first heard.
W ith the object in view of fu rth e r in v estig atin g th is subject, I requested my friend, D r. A lexander M orison, to study the heart of a tu rtle recently killed by holding it close to th e ear as one holds a w atch w hen testing for deafness, and also by pressing it gently against the ear. W ith th is intention, I gave him an introduction to the proprietors of th e " Ship and T urtle " tavern, where he had th e fullest opportunity of carrying out th e investigation.
Dr. Morison w rites to me " A n opportunity was afforded me of exam ining th e h e a rts of two large tu rtle s im m ediately after they were killed. The h e a rt removed from the body was easily provoked into active contraction by a gentle tap w ith th e finger, the contrac tion being sufficient to expel blood from the cardiac cavity. On placing the ear close to the h ea rt w hilst thus contracting, no sound could be h ea rd ; on placing the ear lightly on the h ea rt w hilst con tracting, no sound could be heard. So far, therefore, as a tu rtle s heart is concerned-no o ther th a t 1 know of has more vigoui of contraction after removal from the body-m uscular contraction, as a cause of cardiac sound, m ust be excluded."
These facts and observations are, in my opinion, sufficient to prove th a t th e contractile action of the muscles of the h e a rt is not capable of producing the first sound of the heart.
Having thus endeavoured to show th a t the cause of the first sound is independent alike of auriculo-ventricular action and of m uscular contraction of th e walls of the heart, I proceed to consider a th ird event, the most strik in g and im portant of all those which occur during the systole of th e heart, th a t is, the propulsion of the blood contained in the ventricles into the pulm onary a rte ry and the aorta, and herein to indicate w hat seems to me to be the agency by which th e sound is produced.
The first sound of the heart is caused the impact of the blood driven by the action of the muscular walls of the ventricles against the block produced by the columns o f blood the pulm onary artery and aorta which press upon the sem i-lunar valves.
I would adopt th e explanation suggested by m y valued friend, the late D r. C. J. B. W illiam s, th a t " sound is a phenom enon resulting from resisted m otion." W e hear it in the w histling of the wind in th e rig g in g of a ship ; we hear it when the waves break upon the sh o re ; we hear it when th e b lacksm ith strikes th e anvil w ith his sled g eh am m er; we hear it in the gentle sounds of the HUolian harp , and in th e whispers em itted by th e vocal chords when th e air passes over them from the trachea. Let us exam ine th e condition of the circulation with regard to this p articu lar point, namely, resisted motion.
In this inquiry I have derived most im p o rtan t assistance from the adm irable and elaborate researches of Professor Bell P ettigrew , F.R .S., first, on " The A rrangem ent of the M uscular Fibres in the V entricles of th e V ertebrate H e a rt," published in th e ' Philosophical T ransac tio n s ' of the Royal Society, 1864, and, secondly, on " The Relations, S tructure, and Functions of the Valves of the V ascular System ," published in the ' Transactions ' of the Royal Society of E dinburgh, 1864. These refer especially to the left ventricle, but, at th e same tim e, it is to be observed th a t w hat applies to this ventricle applies, only in a lesser degree, to the rig h t ventricle. Dr. P ettigrew explains the m anner in which the column of blood, projected from the h ea rt into the aorta, is formed by th e union of three columns, an arrangem ent which results from th e m echanism of the heart as fully described by him. These columns ultim ately unite into one before reaching the orifice of the aorta. The columns have a spiral motion, which is the result of th e spiral arran g em ent of th e musculi papillares, of the spiral arrangem ent of the fibres composing the walls of th e ventricle, as well as of the spiral shape of the left ventricular ca vity itself. These points, illu stra tin g the character of the flow of the current, are shown in the blood-cast from the in terio r of the left ventricle of a horse which, by perm ission of the P resident of the Royal College of Surgeons, I am able to subm it to your exam ination.
By th is spiral, or w hat m ight be called " rifle," motion, the blood is seen to be directed against the segments of the sem i-lunar valves, which are thereby hastily throw n ap art, the spiral current being continued for some distance w ithin the aorta. The beautiful rifle m echanism here described is constructed w ith the definite objects of giving precision to the direction of the m oving body against a given point, and of securing greater velocity and force in th at bodythe m oving column of blood. W e have, in fact, here represented in 3o8
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n atu re-a m atter of th e deepest in tere st to the biologist-the mechanism of th e com paratively m odern rifle. The resistance to the stream of blood issuing from the ventricle is offered by the block form ed by th e column of blood re stin g on the aortic valves. These in th eir action are described by D r. P ettig rew as " closed by a spiral movem ent, by which these valves are wedged, and, as it were, screwed, more and m ore tig h tly into each other , the movement here-the spiral m ovem ent-being caused by the direction of th e sinuses of Valsalva, w hich curve tow ards each other and direct the blood in spiral waves upon th e mesial line of each segm ent." * W e find th a t various estim ates have been given of th e absolute pro pelling power of the ventricles and of the resistance of th e colum n in th e pulm onary artery and in the ao rta respectively. F or exam ple, P rofessor Michael F o ster says i( If we tak e 180 gram s as th e quantity in m an ejected a t each stroke at a pressure of 3 21 m etres of blood, this means th a t the left ventricle is capable a t its systole of lifting 180 gram s 3 2 1 m etres high, i.e., it does 578 gram -m etres of work at each beat." t Different estim ates of the propelling force are given by physio logists, and th e estim ates of th e resistance vary more even th an th e estim ates of the propelling power. I t will therefore suffice to say th a t authorities are substantially agreed th a t the driving power and the resistance are in th e proportion of 4 to 3, th e really im portant point for our present purpose being the relation they b ear to each other.
In th e motion thus described and the resistance we have ail the elements for the production of a so u n d ; and a sound being produced, we ask w hat it is. The reply m ust be : the first sound of the heart, the cause of which we now seek.
If it be adm itted th a t sound is a result of resisted motion, we have in this instance a rem arkable illustration of m ovem ent and resistance. The movement of the blood with all the force, precision, and velocity of a rifle or spiral movement, is directed against a fixed and definite resistance, the moving power and the resistance being capable of definite m easurem ent and found to be quite sufficient them selves to explain the source of the sound of w hich we are in search. This * ' Transactions of the Royal Society of Edinburgh,' vol. 23. t As an illustration of the great mechanical force exercised by the muscular walls of the heart, Professor Michael Foster says that " the work of the whole heart during the day would amount to 75,000 kilogram metres, which is just about the amount of work done in the ascent of Snowdon by a tolerably healthy heavy man (' Text-book of Physiology,' by M. Foster, M.A., M.D., London, 1893).
Professor Haugliton, F.R.S., in his learned and most interesting work on ' The Principles of Animal Mechanics,' says that " the daily work of the left ventricle is equivalent to lifting 89'7 tons through 1 foot " (Longmans, London, 1893). explanation w as first suggested to m y m ind m any years ago by th e occurrence of a case of disease in which th e aortic valves, being com pletely broken down by disease, became inadequate to th e ir function. A m u rm u r of such in ten sity was produced th a t it was audible a t 2 or 3 inches from th e w all of th e chest w ith o u t any in term ed iate com m unicating body. W ith a view to determ ine how far this m u rm u r m ig h t be conducted along the course of th e cir culation, I exam ined the fem oral artery.
T here I found th a t th e m urm ur was n ot conveyed to th e ear, b u t a sound precisely resem bling th e first sound was heard, a sound caused by the pressure of th e stethoscope resisting the m otion of the blood in the artery, which, th e valves being destroyed, th u s received the full force of th e ven tricu lar contraction. My atten tio n was thereby directed to the obstruction offered by the aortic valves in health to th e blood in leaving th e ventricle. I felt th e case to be so interesting th a t I sub m itted it to a m eeting of the H arveian S o ciety ; and my observation is recorded in th e M inutes of the m eeting A pril, 1852.
From th a t tim e to th e present I have tak en every opportunity of in v estig atin g th e subject. O bservations have been made on the course of th e circulation in th e fem oral artery u nder like circum stances by Duroziez, Moulie, von Bam berger, and others. These observations, however, have had reference more especially to the diagnosis of disease of th e aortic valves, and I m ention them here only as indicative of in terestin g investigations having been made on the femoral arte ry in cases of diseased aortic valves. The observers nam ed m ake no special reference to the first sound of the h e a rt in health.
Objections may be offered to th e explanation of the first sound of the h eart here b ro u g h t forw ard, founded on the fact th a t th is sound is heard more d istinctly a t the apex of the organ, a point removed from the seat of th e valves. The observation is perfectly correct, but th e explanation is simple. The m uscular walls of the h eart are con nected, as above described, w ith the fibroid ring which is intim ately associated w ith the sem i-lunar valves. The sound produced at these valves is com m unicated to the apex of the h ea rt through the fibroid rin g and the m uscular walls, w hich a t th e moment of systole are tense and firm. The sound thus conducted reaches th at portion of the h ea rt w hich is uncovered, and which is in contact w ith the walls of th e chest. But, on the other hand, when opportunity offers it has been found th a t the sound in question is heard over the aortic valves more distinctly than in any other situation. A rem arkable case of this kind has been related by M. Cruveilhier, who was invited to see an infant ju st born presenting a complete case of ectopia of the heart. He says, " On examining the h eart thus exposed, both sounds were the F irst Sound o f the H eart is produced. M l d is tin c tly heard over th e base, and a t the apex.5' H e rem arks, " W e m ust not forget th a t one element of th e sound, th a t produced by th e shock of the h ea rt against th e chest-w all, is absent.
A nother point of in terest is th a t which has already been alluded to in th e case of typhus fever, as described by D r. Stokes, nam ely, th at th e sound disappears last over the sem i-lunar valves, and also th at the re tu rn in g sound is first heard in th e same situation.
I t is also an object of g re at interest to compare the characters of the two sounds in relation to th e seat of th e ir origin a t the sem i lun ar valves. In th e first sound we have the character of propulsive force and sustained action, softer and more prolonged than the second sound, which is sudden, sharp, and short, as if produced by an ab ru p t m echanical disturbance. These distinctions, which may be readily recognised in various degrees by careful observation, serve to convince us th a t the sounds are both produced at the same p o in t: at th e sem i-lunar valves, each by its own single and simple agency.
D. Lastly, sounds resembling the first (
second) sound of the heart can be produced artificially in accordanc in the preceding communication.
The experim ent is thus made : a sheep's h ea rt of good size (or th a t of a calf) may be used. I t m ust be carefully cleared from p eri cardium, leaving the large vessels and pulm onary veins as fa r as possible intact. The orifices of the pulm onary veins m ust be laid into one, so as to perm it a sufficient opening into th e left auricle through which to divide the attachm ents of the m itral cusps and th e musculi papillares in the left ventricle, tak in g care in doing this not to injure the aortic segm ents when detaching the cusp th a t lies next them. The coronary artery m ust next be ligatured, and also the innom inate artery where it springs from the aortic arch. The rig h t auricle and ventricle should be removed. Through the openingmade by laying into one the orifices of the pulm onary veins a bone nozzle should be passed. I t is well also to ligature the auricular appendix and any points from which w ater may issue when the ventricle is filled. To the posterior orifice of the nozzle rubber tubing should be attached, com m unicating w ith a source of w ater supply, placed on a higher lev el; and another portion of rigid g u tta percha tubing, about 3 feet long, should be introduced into the aorta (see diagram, fig. 1 ). If now the ventricle be filled with w ater by means of the tube in the left auricle, the w ater will of course pass into the ventricle and thence up the aorta, a portion of the w ater resting upon and closing the aortic sigmoid valves. * 4 Gazette Medicale,' p. 488 (1841). 
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A. Receptacle for -water-supply connected by means of tubing B with bone nozzle C tied into the left auricle. D. The left auricular appendix ligatured after escape of all air from the heart chambers. E. The left ventricle of the heart. F. The site of the right chambers of the heart which were removed after ligature of the coronary arteries IvK. H. Tubing connected with the aorta Gr and containing water representing the aortic column of blood.
If fu rth er the ventricle be compressed periodically in im itation of systolic contraction, and allowed to relax in im itation of diastolic relaxation, a sound closely resem bling the first sound of the heart will he produced when w ater is propelled from the ventricle into the aorta, and another closely resem bling the second sound when pro pulsive movem ent ceases, and the sigm oid valves again close under the superincum bent w eight of w ater in th e aortic tubing. As the fluid rises in the gutta-percha tube, the pressure on the valves increases, and the sound becomes m ore m a rk e d ; w hen the fluid on th e other hand dim inishes, th e sounds become less distinct. If th e h ea rt be placed horizontally, the sounds become wobbly. The term inal piece of small diam eter of a binaural stethoscope gently placed over the aorta a t its commencement is m ost suitable for observing the cardiac sounds in this experim ent.
The experim ent here described, when first suggested by me, was subm itted, w ith th e assistance of Dr. Sibbald, to my lam ented friend the late D r. Sharpey, and to S ir Jam es P aget, who were quite satisfied th a t w ith the increase or dim inution of the column the sounds closely resem bled those of the h eart in man, and th a t th ey becam e more or less distinct in proportion to the quantity of fluid contained in th e tube.
In conclusion, I m ay say th at I was moved to undertake and con tinue this inquiry.by a desire to obtain a solution of w hat seemed to be an insoluble problem, and also by a belief th a t a correct explana tion of the cause of th e first sound of the h eart would be of practical value in the study of the clinical phenom ena of diseases of this organ.
X would wish fu rth er to add th a t the explanation of the cause of the first sound of the h ea rt given in th is com m unication, being so different from th a t h ith erto accepted, m ay seem calculated to create difficulties in the diagnosis of valvular diseases of the heart. Closer consideration will show, however, this not to be th e case, but that, like all accurate knowledge, it will be found to simplify, and not to confuse. I t will afford an explanation of the relations of certain morbid phenomena which are at present unintelligible, such, for example, as th a t a systolic m urm ur may be heard a t the apex w hilst the first sound is audible at th e base free from m u rm u r; and it will serve to encourage a closer study of the relation between m uscular contraction of the walls of the heart and the tension of the vessels of the system. 
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